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Increased Performance 
and More Memory for 
87C196 Applications 

Intel recently introduced the 87C1 96KD as its latest addi- 
tion to the 1 6-bit microcontroller family, and a 20-MHz in- 
circuit emulator (ICE™) support tool. The 87C1 96KD is a 
memory upgrade that retains CI 96 code and architecture 
compatibility and is available in both 1 6 and 20 MHz ver- 
sions. The ICE provides enhanced functionality (including 
20 MHz real-time emulation and on-circuit emulation) and 
supports the new 8xC196KD microcontroller. 

The 87C196KD is a memory upgrade to Intel's existing 
87C196KC with 32Kbytes on-chip ROM and one Kbyte 
on-chip RAM. The availability of more on-chip ROM helps 
to eliminate off-chip ROM, frees board space and reduces 
system cost. More on-chip RAM provides additional regis- 
ters which allow faster access to data and eliminates 32K 
OTPROM. External EPROM in designs requiring less than 
32 Kbytes code is no longer needed and programming in 
high-level languages is more practical. The 20MHz part 
gives an across-the-board 25 percent performance 
increase over the current KC product. 

The ICE-196KD/HX features on-circuit emulation enabling 
the developer to debug circuits with surface-mounted 
components. There is no need to remove the component 
from the printed circuit board. The ICE-1 96KD/HX emula- 
tor does real-time emulation at full component speed, 
allowing applications to be debugged under realistic 
conditions. 

The ICE-1 96KD/HX aids the designer by simplifying 
debugging, speeding time-to-market and aiding code 
development. Powerful break, trace and other debug fea- 
tures shorten design cycles by helping both hardware and 
software designers find and correct elusive bugs quickly. 

Call 800-548-4725 for more information on the 
87C196KD or the ICE-1 96KD/HX. m 
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ACE - New Name, 
New Look 



Intel has added on-line reference capabilities under the 
Windows environment to create a more powerful embed- 
ded controller programming tool. ApBUILDER takes over 
where ACE left off, providing a learning vehicle, reference 
guide and programmer all-in-one. ApBUILDER is now avail- 
able for Intel's 80C1 86EA/EB/EC 1 6-bit microprocessor 
products. The 80C1 96KB/KC/KD and 8XC1 94/98 version 
will be available in October, 1992. ACE is still available for 
the MCS®-51 family and the MCS®-96 family products not 
currently supported by ApBUILDER. 

ApBUILDER has pull down menus to allow the user to 
view product features, data sheets, fact sheets and 
answers to commonly asked questions with a click of a 

Continued on Page 2. 
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Continued From Page 1. 

button. Icons are used to represent specific software func- 
tions. A key feature of ApBUILDER is the ability to gener- 
ate Assembler code from three complexity levels: 
Instruction, Register, and Peripheral. Instruction coding 
provides timing information for the selected instruction 
and prompts the user with destination and source 
options. Register coding allows the user to select the con- 
figuration bit by bit. Peripheral coding establishes periph- 
eral functions on a much higher level. Once determined, 
all of the necessary registers and instructions are automat- 
ically programmed to support the chosen configuration. 
ApBUILDER requires Windows 3.0, 386 based PC, VGA 
color monitor, a mouse, 4 meg of memory, 3.5" floppy 
and 1 6 meg of hard disk memory to run. The program 
loads on the user's system with a few simple commands. 
Helpful hints on how to use ApBUILDER are available on 
FaxBACK™ (800) 628-2283 or (916) 351-3105, 
Document number 21 66. 

"Hypertext" manuals (electronic versions of user's manu- 
als) are also available. Hypertext manuals allow word 
searches and display summary lists, eliminating the need 
to look through pages and pages of reference literature to 
find a specific piece of information. Hypertext manuals 
may be accessed through ApBUILDER or through the 
Windows Help file. 

Interested in receiving a copy? Call (800) 548-4725 or 
(408) 765-1459 to order. Order numbers are listed below. 

ApBUILDER and hypertext for 80C1 86 2721 71 

ApBUILDER for 1 86 plus CI 96KB/KC/KD 27221 6 
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New Embedded Control 
FaxBACK™ Documents 

As of June 26, 1992 

Title Document No. 

ApBUILDER Information and Order Package 2508 

ApBUILDER Rel 1 .0 Anomalies - April 1 992 21 66 

Three Volt Vendor Summary - April 1 992 21 52 

MCS-51 CHMOS Programming Documents 2151 

8051/31AH Shrink 

C-Step External Interrupt Errata 21 61 

EV80C186EB Evaluation Board Errata 2158 

Paradigm Software Details for 801 86 2509 

MBE1 96KR Multi-Board Emulator Fact Sheet 21 62 

8XC196KR Unsupported 

Programming Modes Notification 2160 

8X9XBH, KB, KC & KD 

Serial Port Mode - App Brief 2159 

87C196KR Auto Programming (Version 2) 2149 



NEW PHONE NUMBERS FOR 
FaxBACK APPLICATION SUPPORT 



FaxBACK has moved. The new numbers are 
800-628-2283 or 91 6-351 -31 05. 



From the editor 



The response to the first issue of the Embedded 
Applications Journal (EAJ) has been great. Thanks to all our 
readers for the positive and the negative feedback. Keep it 
coming! I need your suggestions to ensure the EAJ is 
meeting the needs of our readers. Please tell us what you 
liked, disliked, and articles you would like to see in the 
future. Simply fill out the questionnaire found on the back 
cover of the EAJ and mail or fax to the Assistant Editor's 
attention at (800) 722-2862 or (602) 554-7436. Every 
completed questionnaire receives a FREE gift. 

The second issue features some exciting articles. Key arti- 
cles include a new product announcement for the 
87C196KD, introduction of the ApBUILDER programming 
tool, interfacing the 8XC1 96KR 1 6-Bit microcontroller to a 
personal computer, and designing with 3 volt/5 volt 
mixed voltage to name a few. 

Please pass this publication on to interested colleagues. 
Again, I welcome feedback and suggestions to make this 
publication a valuable tool. 

Steven M. McIntyre 

Applications Manager 

Embedded Microcomputer Division 
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Interfacing the 
8XC196KR 16-Bit 
Microcontroller to a 
Personal Computer 

Bob Johnson 
Applications Engineer 
Intel 

Introduction 

The subject of this application brief is interfacing the 
8XC1 96KR to the ISA (Industry Standard Architecture) bus 
on a PC or AT computer. Throughout the rest of this appli- 
cation note, the 8XC196KR will be referred to as the KR. 
The Slaveport is a peripheral of the KR that enables it to sit 
on a bus and be treated as any other memory mapped 
device. The Slaveport is ideally suited for interfacing to a 
microprocessor such as the X86 family. Placing the KR on 
the ISA bus gives the PC applications developer access to a 
powerful 1 6-bit microcontroller. The interface is simple, 
yet gives direct access to all the peripherals on the 
8XC196KR. 

Throughout this application note, program examples are 
referred to in the appendix. Due to the length of the pro- 
gram examples, the appendix is not included in this docu- 
ment, but can be found on FaxBACK. 

This application note begins with an overview of the 
Slaveport. More information on the Slaveport, or any other 
KR circuitry can be found in the KR Users Manual (Order 
#270952). Details explaining three of the four methods of 
communicating with the Slaveport follow the overview. 

Many peripherals and features exist on the KR. 
These include: 

1) Eight 10-bit A/D channels 

2) Two Synchronous Serial Channels (SSIO) 

3) A full duplex UART 

4) Ten channel Event Processor Array 

5) 37 interrupts 

6) Idle and Powerdown modes to save power consump- 
tion 

7) On-board programmable ROM 

8) Executable (Data) RAM 

9) Register (Data) RAM 

1 0) Windowing functions - Windowing allows fast and effi- 
cient access to either SFRs or additional RAM. 
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Overview 

Enabling the Slaveport forces RD# (SLPRD#), WR# 
(SLPWR#), and ALE to take on new functions as inputs. In 
almost all other microcontrollers, these pins are outputs 
only. Additionally, a CS# (SLPCS#) input and an interrupt 
output (SLPINT) complete the bus interface. Figure 1 
shows a block diagram of the internal Slaveport. 

The Slaveport is capable of interfacing to both multiplexed 
and non-multiplexed address/data buses. The Slaveport 
uses only one address bit called SLP_ADDR. The source for 
SLP_ADDR is either ALE or P3.1 . SLPL, a bit in the 
Slaveport Control register (SLP_CON), determines which 
pin is the source for SLP_ADDR. If SLPL = 0, ALE is the 
source of SLP ADDR. Use this configuration for a non-mul- 
tiplexed bus. If SLPL = 1, P3.1 is the source for SLP_ADDR 
and ALE latches P3.1 . Use this configuration for a multi- 
plexed bus. Table 1 shows how the Slaveport combines 
SLP_ADDR with SLPRD# or SLPWR# to determine the reg- 
ister accessed by the master device. In all cases, Port 3 is a 
bi-directional data bus through which each data transfer 
takes place. 

Table 7 . Slaveport Register Decoding 



SLP_ADDR 


RD# 


WR# 


Active Register 








1 


P3_REG 





1 





P3_PIN 


1 





1 


SI_P_STAT 


1 


1 





SLP_CMD 



Hardware Interface 



Minimal hardware is necessary to interface to the ISA bus. 
Once the Slaveport has been enabled, the only additional 
component required is for address decoding. The interface 
used in this application note is shown in Figure 2. The KR 
Port 3 is connected directly to the lower 8 bits of the ISA 
data bus. All data transfers are through port 3. Address 
lines A1 -A9 and AEN# are connected to the PAL to gener- 
ate chip-select for the Slaveport. The output of the PAL is 
connected directly to the SLPCS# input on the KR. 
SLPWR# and SLPRD# are qualified with chip-select and 
connected directly to the ISA WR# and RD# signals. The 
qualification is to eliminate invalid responses to these sig- 
nals by the KR. ALE is connected directly to bit of the ISA 
address bus. This signal determines which register pairs 
(SLP_CMD/P3_REG or SLP_STAT/P3_PIN) are accessed. 
P2.2 on the KR is tied to Reset on the ISA bus. Reset signi- 
fies when the power-on sequence ends. P2.2 is used only if 
the KR is powered externally from the ISA bus and supplies 
its own reset. 

The component used for address decoding is a 85C22V10, 
PLD. The addresses chosen for the KR are 21 OH and 21 1 H. 
The PLD decodes addresses 21 OH and 21 1 H to generate 
the chip-select for the Slaveport. The entire program used 
for the 85C22V10 is shown in appendix A. The main rea- 
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son a 85C22V1 was chosen is the requirement for a 1 
product sum. 

Program Examples 

These examples show techniques that allow one to experi- 
ment with the four basic interface registers (P3_PIN, 
P3_REG, SLP_STAT, and SLP_CMD). Reading and writing 
the four registers is the first step in making a complete 
interface. Using the following methods as a starting point 
enables a person to create solutions to various interface 
requirements. In some systems, tying SLPINT to one of the 
available PC interrupt inputs would allow an interrupt dri- 
ven system. The examples in this application note all use a 
polling technique. 

Developing the code for these three examples requires two 
key steps. The first step develops the MCS®-96 code used for 
the KR and the second step creates the x86 code used for the 
PC ISA bus. In all the examples, after assembling the x86 code 



it is linked to create an executable file. Running the executable 
file on the PC controls the communication to the KR sitting on 
the ISA bus. 

Example 1A - Reading the KR Input Buffer 

First, initialization of Port 2 and Port 5 takes place. P2.2 
monitors the Reset signal on the ISA bus to determine 
when the x86 processor is up and running. This avoids 
unwanted control signals that might occur as the PC pow- 
ers up. A Reset is considered valid when it is high for 64mS 
and then remains low for at least 1 28ms (at 1 6MHz KR 
oscillator frequency). Port 5 is initialized so all Slaveport 
control pins are inputs and SLPINT (P5.4) is an output. 
This also disables all the alternate functions on Port 5. 

Initialization of SLP_CON occurs after a valid Reset. Figure 
3 shows SLP_CON. The KR enables the Slaveport, deter- 
mines how ALE functions, and which interrupts affect 
SLPINT. The address bit comes through ALE so bit 2 is 



SLPINT 



ALE 



P3.1 



RD 



WR 



SLPCS# 



PORT 3 



( ) , I CT I ' \ SLP ADDR 
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SLP CMD 
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8XC196KR 



Figure 7 . Slaveport Block Diagram 



Page 4 



Q1, 1992 



intel. 



EMBEDDED APPLICATIONS JOURNAL 



cleared. The flags IBE (Input Buffer Empty) and OBF 
(Output Buffer Full) can force SLPINT high, although this 
pin is not used. Note that these flags have opposite mean- 
ing from the interrupts IBF (Input Buffer Full) and OBE 
(Output Buffer Empty). To insure against the possible cor- 



SLP CON 



| 








SLP 


SLPL 


IBEmask 


OBFmask 



SLP - Slaveport Enable (1 = enabled) 

SLPL - Slaveport Latch (1 = ALE is latch signal 

for address(multiplexed bus), = ALE is 
address input) 

IBEmask - Input Buffer Empty (1 = SLPINT is high 

when input buffer is empty) 

OBFmask - Output Buffer Full (1 = SLPINT is high 
when output buffer is full) 



Figure 3. SLP_CON 



ruption of the Slaveport command and status SFRs, these 
registers are read or loaded with 0. 

Finally, the IBF interrupt is enabled. This is the only inter- 
rupt used. Writing to the Slaveport input buffer (P3_PIN) 
sets the IBF interrupt pending flag. The program executes 
a tight loop until an interrupt occurs. For the interrupts to 
interface with the demo board monitor, the interrupt vec- 
tors associated with the Slaveport were changed to: 

OBE interrupt -> 200CH 
IBF interrupt -> 200EH 
CBF interrupt -> 2030H 

When an interrupt occurs: 

1 ) The interrupts are disabled 

2) The data is read 

3) A DJNZ loop is executed. (This is placed here only to 
show some sample code running. In a real application 
this code would be replaced with a routine that does 
something useful with the data that has just been read.) 
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Figure 2. Hardware Interface 
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4) The interrupts are enabled 

5) The program returns to the Main_Loop. 

The program in appendix B-1 contains the KR code used 
to read the Slaveport input buffer. Appendix B-1 can be 
found on FaxBACK. 

Example IB - Writing the KR Input Buffer 

The x86 communicates to the KR using "IN" and "OUT" 
instructions with 21 OH or 21 1 H as the port address. 21 OH 
is the address for the P3_REG/P3_PIN registers and 21 1 H is 
the address for the SLP_STAT/SLP_CMD registers. In this 
example the x86 is writing to the P3_PIN register so the 
code sequence is: 

MOV AL,XXH 
MOV DX,210H 
OUT DX,AL 

Also included in the x86 code is a sequence to see if a key 
is pressed on the keyboard. This is used to exit the x86 
program. Other than this, the x86 program only loops on 
the output instructions but changes the data for every- 
other output. The program example in appendix B-2 
shows the x86 code used. Appendix B-2 can be found on 
FaxBACK. 

Example 2A - Writing to the KR Output Buffer 

For this example, only the differences from example 1 A are 
explained. The example in appendix C-1 shows the code 
used for servicing the KR when the output buffer is empty. 
Appendix C-1 can be found on FaxBACK. The differences 
from example 1Aare: 

1 ) OBE is the only interrupt enabled. Reading the output 
register (P3_Reg) set the OBE interrupt pending flag. 

2) The ISR (Interrupt Service Routine), loads a byte into 
the output register. 

Example 2B - Reading the KR Output Buffer 

The only difference in this example is that the x86 is read- 
ing the Slaveport data output buffer. The difference is 
highlighted by the following code sequence which is 
incorporated in the example in appendix C-2. Appendix 
C-2 can be found on FaxBACK. 

MOV DX,210H 
IN AL,DX 

There is one more example tested where the x86 writes 
and the KR reads the Slaveport command register 
(SLP_CMD). This is exactly the same as example 1 A and 
1 B except the address the x86 uses is 21 1 H. Since the 
steps involved have already been discussed this example 
will be skipped. The code is shown in Appendix D. 
Appendix D can be found on FaxBACK. 




Maximum Data Transfer Rates 

To gain the most efficient and fastest transfer rates requires 
the use of the PTS. The examples used so far in the applica- 
tion note do not make use of the PTS but do use the inter- 
rupts associated with the Slaveport. This section assumes 
the PTS is used. The fastest, worst-case, theoretical transfer 
rate for back-to-back exchanges is about 1 31 K bytes-per- 
second. By not using the NORML instruction, the rate 
increases to about 1 66K bytes-per-second. The PTS 
response and overhead time limits the transfer rate. 

The worst case access time equals: 

((4 state times) + an instruction execution (30 -39 
state times)) + PTS transfer time (1 8 state times). 

These numbers assume: 

A) The crystal frequency is 1 6MHz 

B) The PTS handles all data transfers 

C) No other activities will delay the PTS cycle 

D) The PTS bug is fixed (as it is on C-step and later device). 

The 8XC196KR Users Manual lists the possible conditions 
that may delay the PTS cycle. 

In actual use, most PTS requests will not occur during the 
last four state times of an instruction (worst case). If the 
PTS request occurs during the last four state times of the 
current instruction, the following instruction also will exe- 
cute. When the PTS request occurs sooner, the PTS cycle 
occurs at the end of the present instruction. In a large per- 
centage of cases, the PTS cycle occurs when the current 
instruction finishes. This means the user can expect much 
higher rates than the 1 66K bytes per second. If one 
assumes most instructions are 8 state times in duration 
and only half of the PTS requests occur during the last four 
state times the rate increases. Under these conditions the 
average throughput is about 294K bytes-per-second. 

Conclusion 

The slaveport on the 8XC1 96KR provides a simple, fast 
and efficient interface to the ISA bus of a PC. The interface 
gives direct access to the diverse KR peripherals. The inter- 
face is an economical solution when the KR functions are 
fully utilized. The amount of coding and overhead 
required of the PC is minimal. Data transfers are very fast 
with the average byte transfer taking only 3.4(xS. There are 
virtually no limitations to the variety and types of tasks the 
user can control. Some examples are: 

Data acquisition using the A/D converter 

PWM generation using the EPA 

Position decoding using the EPA 

Serial communication using the SIO and SSIO 

Additional interrupts using EPA 

Parallel interfaces using standard I/O port 
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General application control using standard I/O ports 
(such as EPROM Programmers) 

The only piece missing is the actual handshake between 
the ISA bus and the KRs Slaveport. 

Top Five Issues 

1 ) All Port 5 pins (except SLPINT) must be configured as 
inputs with their alternate functions disabled immedi- 
ately after the PC comes out of reset. Bus conflicts 
occur if RD# or WR# are outputs and the PC will not 
boot up. 

2) Disable the Slaveport until after the PC is up and run- 
ning. Erratic operation of the KR was observed due to 



Name 


SLAVPAL1 ; 


Partno 


80C196KR; 


Revision 


01; 


Date 


2/21/92; 


Designer 


Bob Johnson; 


Company 


; 


Assembly 


80C196KR AT Interface board; 


Location 


r 


Device 


P22V10; 



/********************************************************* 

/* Generates CS# for KR on AT bus using address 210 to 211 */ 
/***********************************^ 

/* Allowable Target Device Types: CE22V10 */ 
/***************************************************** 

/** Inputs **/ 

PIN [2.. 10] = [al..a9]; /* Address lines */ 

PIN 11 = ! AEN; /* when CPU cycles are being used */ 

/** Outputs **/ 

PIN 19 = ICS; /* 0V=> enable slaveport */ 

/** Declarations and Intermediate Variable Definitions **/ 
FIELD memaddr = [a9..1]; 
/** Logic Eguations **/ 

slaveport = (memaddr :[ 2 1 .. 211 ] & AEN); 
ICS = I slaveport; 



many hundreds of Reads and Writes occurring during 
power-up. 

3) Do not use Port 3 for accessing external memory while 
using the Slaveport. 

4) One address line must be dedicated to select which 
register pair of the Slaveport is accessed. 

5) The best way to debug code is to place the code in 
internal RAM. This allows the code to be modified to 
solve problems as they arise. The only other alternative 
is to take blank OTPs and program them. This alterna- 
tive is a slow and expensive method. [S| 



Appendix A. (22V1 program). 
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Designing with 
3 Volt/5 Volt 
Mixed Voltage 



John Williams 
Applications Engineer 
Intel 

Introduction 

One of the greatest difficulties in designing a low voltage 
system is product availability. Currently, there are a large 
number of manufacturers producing 3 Volt products (3 
Volts refers to any low operating voltage device). 
Embedded processors, like the 80L1 86EA and EB have 
been available at 3 Volts for some time. Memory and logic 
are also widely available (notice there was no mention of 
short lead times). Other peripheral components are still 
not available at 3 Volts. Many of these components require 
redesign to operate at low voltages. Until these compo- 
nents are replaced with low voltage versions, systems 
requiring their services will have to utilize the 5 Volt ver- 
sion. This causes tremendous headaches for system 
designers. System cost, complexity and power consump- 
tion all suffer due to the lack of a complete selection of 
low voltage devices. 

Interfacing 3 Volt and 5 Volt Components 

Somewhere within a mixed voltage design, the designer 
must interface 3 Volt and 5 Volt devices. This can happen 
in 3 Volt to 5 Volt translation, 5 Volt to 3 Volt translation, 
bidirectional translation and 3 and 5 Volt devices residing 
on the same system bus. As simple as these interfaces may 
seem, there are still some problems to be solved. 

3 Volt to 5 Volt Interface 

One way to translate a 3 Volt output to a 5 Volt level is 
with ACT/HCT logic. These parts accept a TTL level input 
and give a CMOS output. When operating at 5 Volts, 
these parts see a 3 Volt level input the same as they would 
see a 5 Volt TTL level input. The output will be a 5 Volt 
CMOS level. This is a relatively straight-forward approach, 
but it does have the problem of additional current con- 
sumption (Ice-delta). 

5 Volt to 3 Volt Interface 

Unfortunately, a 5 Volt output cannot be connected 
directly to a 3 Volt input. Under the 'Absolute Maximum 
Ratings' section in most data sheets, there is a specification 
for the maximum voltage on any input pin. This number is 
typically Vcc + 0.5 Volts, and on some 3 Volt devices goes 
down to Vcc + 0.3 Volts. A 5 Volt CMOS or TTL output 



+3V 



■J 



+5V 
INPUT 



OUTPUT 



4 



Figure 7. 5 Volt Output Driving a 3 Volt Input 

high will typically drive close to Vcc. When the maximum 
input voltage is exceeded, the ESD protection diode on 
the input of the device will be forward biased and current 
will flow into the 3 Volt Vcc (Figure 1 ). This could draw the 
3 Volt supply up to the input voltage minus the voltage 
drop across the ESD diode. Connecting a 5 Volt output to 
a 3 Volt input will lead to long term reliability problems. 
Device manufacturers are developing input buffers for low 
voltage devices that are 5 Volt tolerant, but until these 
devices are widely available, other solutions must be found. 

There is a way to work around the problem of driving a 3 
Volt input with a 5 Volt output. Series resistors can be 
placed on the outputs of the 5 Volt device. The goal is to 
drop the voltage to a level acceptable by the 3 Volt device. 
The value of the resistor must be chosen to limit the cur- 
rent into the 3 Volt device. The major sacrifice in this solu- 
tion is speed. If the system can handle the speed degrada- 
tion, then it may be a simple, inexpensive way to translate 
from 5 Volts to 3 Volts. As a final point on this subject, if 
this solution is implemented, considerations must be made 
for system power-up. If the 5 Volt supply ramps much 
faster than the 3 Volt supply, the substrate diode may still 
be forward biased temporarily, leading to reliability prob- 
lems. This situation must be taken into account when 
determining the resistor value. Assume the worst case 
where the 5 Volt part is running at 5.5 Volts and the 3 Volt 
part has Vcc = Volts. 

Voltage Translation with Open Drain Outputs 

Open drain output devices provide possibly this simplest 
way to convert from 3 Volts to 5 Volts and vice-versa. All 
that is required is an external pullup resistor to the desired 
output voltage. If the open drain device outputs a logic 
'1/ there is virtually no current consumption penalty for 
the conversion. If the output is a logic '0,' there is a cur- 
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Figure 2. Voltage Translation with Open Drain Outputs 

rent path to ground, but a high resistance pullup will limit 
the amount of current (at the cost of speed). 

If an open drain device is not available, the function can 
be easily duplicated using an external MOSFET and a resis- 
tor (Figure 2). The output to be translated connects to the 
gate of the transistor. An n-transistor connected to ground 
with a pullup to Vcc will act as an inverter for the output. 
A p-transistor connected to ground with a pullup resistor 
will not invert the output. 

Bidirectional Translation 

The methods described above all work well for translating 
unidirectional signals. What happens if a 5 Volt peripheral 
resides on a 3 Volt bus? The only way to use any of the 
previous solutions would be to create a block of logic con- 
sisting of two back-to-back unidirectional translators. This 
is not a good solution for a designer attempting to mini- 
mize board real estate. Fortunately, a number of manufac- 
turers are working on and producing buffers which have 
two Vcc pins. The devices translate bidirectionally between 
the two Vcc values. These are the most practical solution 
for bidirectional translation between 3 and 5 Volts. 




Figure 3. 5 Volt Device Driving a Floated 3 Volt Output 



Mixed Voltages on the Same Bus 

In an Ideal situation, a designer could place a 5 Volt device 
and a 3 Volt device on the same system bus. 
Unfortunately, a floated 3 Volt output will be damaged 
when a 5 Volt part drives the bus. Depending on the state 
of the inputs to the 3 Volt device output buffers, it is possi- 
ble that the p-transistor will turn on (Figure 3). If this 
device turns on, the 5 Volt supply and 3 Volt supply will be 
shorted together. Even if this situation does not occur, the 
5 Volt signal will still forward bias ESD protection diodes 
inside the 3 Volt device, creating a situation similar to a 5 
Volt output driving a 3 Volt input. System busses should 
run at a single voltage with parts operating at other volt- 
ages being buffered. 

Disadvantages of Mixed Voltage Systems 

It may appear obvious by this point that there really are no 
advantages to mixed voltage systems. They only exist 
because of the absence of a complete selection of low volt- 
age devices. During the transition of the industry to 3 
Volts, the object of designers is to minimize the disadvan- 
tages of having a mixed voltage system. Two of the major 
drawbacks of mixed voltage systems are: voltage supply 
requirements and additional current consumption. 

Multiple Supplies in Mixed Voltage Systems 

A major disadvantage of mixed voltage systems is the 
requirement of multiple voltage supplies. A typical system 
may require 3 Volts (major components, memory), 5 Volts 
(older peripherals, small displays), +/- 1 2 Volts ( RS-232 
communications) and even higher voltages (backlitVGA 
displays, etc.). One goal in designing a mixed voltage sys- 
tem is to minimize the number of required voltages and 
the number of devices used to create them. To avoid the 
extra chip-count associated with creating multiple volt- 
ages, some manufacturers, Maxim for example, offer one- 
chip solutions to provide 3V, 5V, and a third variable out- 
put from 2 or 3 cells. The designer can also take advan- 
tage of parts with internal charge pumps that take 3 Volt 
or 5 Volt inputs and create the output voltage levels they 
require. Although multiple voltages can easily be created 
with a minimal number of chips, the designer still pays the 
price for having non-3 Volt parts in the system: battery life. 
As technology moves forward and 3 Volt designs gain 
momentum, more components will be available at low 
voltage (3 Volts or less). This will eliminate the require- 
ment for multiple system voltages and the added system 
cost and complexity associated with creating them. 

Additional Current Consumption in Mixed 
Voltage Systems 

Interfacing 3 Volt and 5 Volt devices in a mixed voltage 
system is unavoidable. Regardless of how a designer 
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implements these interfaces, they will all have one com- 
mon characteristic, additional current consumption. 

Some devices have an additional specification called Iced 
(or Ice-delta). This specification defines the additional cur- 
rent consumed, per input pin, if an input high voltage is 
equal to Vcc - 2.1 Volts. This situation closely resembles 
using ACT or HCT logic for 3 Volt to 5 Volt translation. 
This number can be up to 1 .5 mA per input pin. Consider 
a unidirectional, 1 6-bit bus translated from 3 Volts to 5 
Volts using ACT logic. In a worst case situation, this can be 
a major source of continuous current consumption. This is 
a maximum value, though, typically the extra current will 
amount to about 1 00 to 200 ^A per input pin. 
Additionally, this specification only applies to a logic 'V 
input, and in most situations only a fraction of the 3 Volt 
inputs will be high at any one time. 

The reason behind the extra current consumption when 
using ACT/HCT logic for 3 Volt to 5 Volt translation lies in 
the input buffers (Figure 4). If the input of the device is 
driven all the way to Vcc, the p-transistor will be complete- 
ly off and the n-transistor will be completely on. This can 
be modeled as 5 Volts connected to ground through a 5 
MOhm resistor. As shown by the graph in Figure 4, the 
only current flowing will be leakage current, almost noth- 
ing. As the voltage on the input moves farther away from 
Vcc, the input transistors move closer to their saturation 



+5V 



INPUT 




0.0 Vin (V) 



5.0 



Rqn = 50 Ohms 
Rqff = 5 M O nms 



Figure 4. Current Consumption When Using ACT/HCT Logic 
for Voltage Conversion 

region. The resistance path through the transistors to 
ground will decrease from the initial 5 MOhm. This will 
increase the current flow through them. The graph shows 
this current to be on the order or 1 50 |jA per input (at 
room temperature). 



All of this leads to a valid question. If there is such a penal- 
ty for creating mixed voltage systems, is the system better 
off running at 5 Volts? An analysis of system current con- 
sumption must be done for the pure 5 Volt and mixed 
voltage cases. If only a small part of the system can oper- 
ate at 3 Volts, the extra power for voltage translation may 
offset the benefit of using 3 Volt parts. This accents the 
need to have a complete selection of devices that operate 
at 3 Volts. 

Conclusions 

There are a number of considerations that a designer must 
make when designing a mixed voltage system. Interfacing 
3 Volt and 5 Volt logic must be done carefully. There are a 
number of solutions to do this, but if done incorrectly, the 
system can eventually fail. Many manufacturers provide 
simple solutions to do unidirectional and bidirectional 
transfers. These solutions are probably the easiest to imple- 
ment and consume a minimal amount of power. 

A mixed voltage system, by definition, consumes more 
current than a pure 3 Volt system. This added current con- 
sumption comes from different sources. Any method used 
to translate from one voltage to another requires addition- 
al current. A mixed voltage system also has more devices 
than a pure 3 Volt system. Extra devices are needed for 
voltage translation and creating required system voltages. 
In addition to drawing current, these extra devices 
increase system size, cost and complexity. 

As technology advances and manufacturers redesign cur- 
rent parts, complete systems will be able to operate at 3 
Volts. Until that time, mixed voltage systems will have to 
exist. Although a mixed voltage system requires more 
power than an entirely 3 Volt version, it still consumes less 
power than a 5 Volt version. Mixed voltage systems will 
exist in some form for a long time. Right now, they exist 
because of the conversion from 5 Volt devices to 3 Volt 
devices. Mixed voltage systems will continue to appear as 
industry takes the steps to lower operating voltages. Some 
devices already operate at 2 Volts and below. Although 
this article applies specifically to 3 Volt / 5 Volt systems, 
the concepts will apply to any mixed voltage system. g 
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Gary Harris 
Applications Engineer 
Intel 

Introduction 

The powerdown feature allows the KB,KC and KD devices 
to be placed into a very low power state while retaining all 
information in register RAM. All peripherals are powered 
down, retaining their current state, and the oscillator is 
shut off. Power consumption drops into the microwatt 
region (refer to data sheet for exact specifications). 

Entering Powerdown 

The powerdown feature is enabled if CCR.O = 1 . 
Powerdown mode is entered by executing the IDLPD #2 
instruction. Before this is done, the following housekeep- 
ing is good practice: 

1 . Serial port transmissions and receptions should be 
allowed to complete. Otherwise, when powerdown is 
exited the activity will continue where it left off and 
may result in incorrect data being transferred. 

2. Analog conversions should be allowed to complete or 
else an incorrect result will be returned. 



Figure 1. External Connection for Vpp 

3. If the watchdog timer (WDT) is being used, it should 
be cleared immediately prior to entering powerdown. 
This ensures there is enough time to service the WDT 
when returning from powerdown. 

Note that in order for the part to enter powerdown, the 
pin which is configured as EXTINT (P0.7 or P2.2) must be 
held low. 

During powerdown, the internal oscillator and clock gen- 
erator is disabled. If the device has access to internal 
OTPROM (EA# = LOW) ports 3 and 4 are open drain and 
hold the last value output. If the device was set for exter- 
nal execution only, (EA# = HIGH), ports 3 and 4 will float. 
All other pins remain in the state the last held prior to 
entering powerdown. 



Vpp 

VOLTS 




H 1 1 1 1 1 1 1 1 1 1 1 \— 
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Figure 2. Typical Vpp Voltage During Return from Powerdown 



Ql, 1992 



Page 1 1 



intel. 



EMBEDDED APPLICATIONS JOURNAL 



Exiting Powerdown 

Powerdown is exited by applying an external signal input 
to the device. It is not necessary to enable or use the inter- 
rupts when exiting powerdown, but this can be done if 
the user wishes to execute an interrupt service routine 
immediately upon return from powerdown. 

There are three ways that powerdown can be exited: 

1 . A Logical high signal applied to P0.7 or P2.2 (as deter- 
mined by IOC1.1). This signal need only be asserted 
for 50 ns. 

2. The device may be reset by asserting the RESET signal. 
If this is done, RESET must remain asserted until the 
oscillator has stabilized. If an external oscillator is being 
used, RESET only needs to be asserted for 1 state time. 

3. If an external clock is being used, driving the VPP pin 
low for at least 50 ns will immediately bring the part 
out of powerdown. This method provides the fastest 
return from powerdown. 

When using P0.7 or P2.2 to generate an interrupt upon to 
exiting powerdown, These signals must remain high for at 
least 2 state times after CLKOUT has resumed. 

Circuit Recommendations 

Figure 1 is the recommended circuit for exiting power- 
down using P0.7 or P2.2. Figure 2. shows the voltage vers- 
es time characteristic for VPP. The circuitry is designed to 
generate a time delay before turning on the internal oscil- 



lator. This allows the oscillator time to start-up and stabi- 
lize. This delay is generated by discharging capacitor CI 
connected from the VPP pin to ground. When the 
P0.7/P2.2 input is asserted, the capacitor is discharged at a 
typical rate of 1 00 to 200 uA until it reaches a threshold 
voltage of about 2.5 volts. The time for this to occur can 
be calculated as follows: 



TIME = 



C x V 
I 



For a capacitor value of 1 uF, a AV of 2.5 volts and assum- 
ing 200 uA discharge current, the time will be 1 2.5 ms. 

When the threshold voltage is reached, a pull-up transistor 
is turned on which quickly pulls the pin up to about 3.5 
volts. At this point the pullup becomes ineffective, and the 
external resistor R1 completes the pull-up to VCC ("recov- 
ery" time, figure 2). The time constant for recovery follows 
an exponential charging curve, and for CI = 1 uF and R1 = 
1 Megohm, this will take several seconds. 

If powerdown is re-entered before CI charges to VCC, it 
will take less time for the voltage to ramp down to the 
threshold and exit powerdown (because AV is less). This 
should be taken into account when allowing for worst-case 
oscillator start-up times. 

Recommended Values for R1 and CI 

R1 and CI are not critical. R1 should be kept large so that 
it does not interfere with the discharge current (about 200 
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Figure 3. Internal Powerdown Control 
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|iA). Values between 200K to 1 Megohm should perform 
satisfactorily. CI should be selected to provide the worst- 
case time constant needed for the oscillator to stabilize. 
All designs should be characterized under worst-case con- 
ditions to verify proper operation. 

If an external oscillator is used, the value of CI can be very 
small to allow rapid recovery from powerdown. A 1 00 pF 
capacitor is acceptable, and will result in a 1 .25 us dis- 
charge time. 

If an external clock is used, and powerdown is exited by 
pulling VPP low, R1 and CI are not needed. 

Description of Powerdown Control Circuitry 

Figure 3 shows the internal circuitry used to control 
powerdown. 

Definition of terms: 

1 . IDLPD #2. This signal is generated when the IDLPD #2 
instruction is executed, and causes the device to enter 
the powerdown state. 

2. Phase Drive Enable. This signal enables the internal 
phase clocks of the device. 

3. Oscillator Enable. This signal enables the internal oscil- 
lator circuitry. 

4. Peripheral Powerdown. This signal is used by the 
peripherals to enter the powerdown state. 

Operation 

When the device is reset, SR1 is cleared and SR2 is set. This 
enables the phase clocks and internal oscillator. The pullup 
(Q1) will be on and the pulldown (Q2) will be off. This is 
the normal operating mode. When an IDLPD #2 instruc- 
tion is executed, SRI is set and SR2 is cleared. This disables 
the phase clocks and oscillator. This also enables the 
P0.7/P2.2 input to SR2. 

When P0.7/P2.2 is asserted, SR2 is set, re-enabling the 
oscillator and turning on the weak pulldown Q2. This 
begins discharging the external capacitor connected to 
VPP. When the voltage drops below the threshold voltage, 
the Schmitt trigger clears SRI, enabling the phase clocks, 
pull-up Q1, and disabling Q2. 
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Ports 3/4 and 
Address/Data Bus 
Operation for the 
8X9XBH, 8XC196KB, 
8XC196KC, and 
8XC196KD 



Richard N. Evans 

16-Bit Applications Engineer 

Intel 

There have been a few questions on the operation of the 
address/data bus in BUS MODE and PORT 3/4 MODE. 
Following is an explanation of how the Ports or bus 
behave in these modes. Two cases to consider are: 

Case 1 : EA# Tied Low (External Execution) 

■ The bus is strongly driven during bus cycles. 

■ Reading and writing Ports 3/4 (1 FFEH) causes a bus 
cycle with the bus strongly driven just like any other 
memory access. 

■ When the bus is idle it floats regardless of the last value 
written to Ports 3/4. 

Case 2: EA# Tied High (Internal Execution) 

■ Reading and writing to Ports 3/4 (1 FFEH) does not 
cause a bus cycle. Instead Ports 3/4 become open 
drain I/O Ports. 

■ If an external memory location is accessed, a bus cycle 
occurs. After the access, the Port 3/4 is returned to an 
open drain I/O Port. 

■ When used as I/O Port pullups to VCC are needed (1 OK). 




m 
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Understanding 
Internal Chip Grounding 
On 87C196Kx Family 
Microcontrollers 



Chris Banyai 
Applications Engineer 
Intel 

Overview 

The KX family includes the 8XC196KR, JR, KQ, JQ and 
8XC196KT, JT advanced 16-bit CHMOS microcontrollers. 
These are highly integrated, high performance microcon- 
trollers that are excellently suited for automotive applica- 
tions such as ABS brakes. In the harsh automotive environ- 
ment, to get the best performance it is helpful to under- 
stand the internal relationship between the different 
ground pins located on these devices. Included in this doc- 
ument is a description of the ground pins found in the KX 
family, a description of the KX internal ground regions, 
explanation of parasitic device turn-on by differing ground 
potentials, and a section addressing the important applica- 
tions considerations for a robust KX microcontroller 
grounding scheme. 

Device Ground Pins 

On KX microcontrollers four ground pins supply the three 
major ground regions which are the core, ports, and ana- 
log circuitry. Partitioning the grounds internally provides 
noise isolation. Without this scheme, noise sources such as 
port driver switching could directly couple into the CPU, 
analog to digital converter, or other logic deeper within 
the microcontroller. One Vss pin supplies the core region 
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Figure 7. KX Ground Regions 
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Note: If the port and core ground regions are 
not at the same potential, substrate current 
between adjacent ground regions Vss1 and 
Vss will occur raising the potential across the 
diode. If the potential exceeds the diode 
threshold, the diode will conduct current into 
the drain. 



Figure 2. Parasitic Device Turn-on 

including the CPU, two Vssl pins supply the port region, 
and the ANGND pin supplies the analog region including 
port 0. In addition to the Vcc and Vref (Analog Reference 
Voltage) pins, all four ground pins must be connected for 
the device to function properly. 

VREF Connections Count 

Vref must be connected even if the on-chip A/D converter 
is not being used because these pins supply the digital 
portion of Port as well as the analog section of Port 
O.The Vss pins used for port ground (Vssl) are pins #68 
and #30 on 68 lead devices and pins #1 and #25 on 52 
lead devices. The Vss pin used for core ground (Vss) is pin 
#5 on 68 lead devices and pin #3 on 52 lead devices. 

KX GROUND Regions and Associated Pins 

The three noise isolating ground regions on the KX family 
are: core, port, and analog ground. Core ground is sup- 
plied by the Vss pin, port ground is supplied by two Vssl 
pins, and analog ground is supplied by the ANGND pin. 
Each of the ground regions is coupled to the substrate and 
therefore to each other by parasitic devices as is denoted 
in Figure 1 by a capacitor and diode connected to the sub- 
strate (X). 

Parasitic Device Turn-On by Differing 
Ground Potentials 

Parasitic devices are formed at the PN junctions of the 
CMOS transistors and consist of capacitors, diodes, and 



Q1, 1992 



Page IS 



intel. 



EMBEDDED APPLICATIONS JOURNAL 



[~ N DIFF. ^ 



(GATE) 
POLY ^ 



GATE OXIDE 



N DIFF. J 



^ P DIFF V 



(GATE) 
POLY ^\ 



GATE OXIDE 



DIFF.^1 



. Y Ull-I 



N WELL 



P SUBSTRATE 



P SUBSTRATE 



Note: If sufficient current flows, enough voltage can be generated across Rs to turn on the parasitic transis- 
tor on the left, this will then draw current through Rn and, if the voltage developed is sufficient, the parasitic 
transistor on the right will also turn on, establishing a self-sustaining low resistance path between the supply 
rails. Such substrate current can be generated by potential differences between ground regions. 



Figure 3. CHMOS Latch-up 



bipolar transistors (see Figures 2 and 3). In Figure 2, if the 
potential difference between the substrate and drain 
exceeds the diode threshold, the diode will turn on and 
conduct current from the substrate to the drain disrupting 
the desired drain voltage. These diodes form the base- 
emitter structure of parasitic bipolar transistors responsible 
for latch-up, as in Figure 3. 

Design Considerations for Robust Grounding 

A robust grounding scheme provides noise-free stable 
ground, avoids the activation of parasitic devices, mini- 
mizes the coupling of noise across ground regions (noise 
isolation), and eliminates power consumption from 
ground loop leakage. The term robust refers to a reliable 
grounding scheme despite a device and electrical environ- 
ment variation. The key application design considerations 
for a robust grounding scheme are: maintenance of all 



ground pins nominally at the same potential (within 
50mV); and, the provision of a low impedance path to 
ground for each ground pin. 

Maintain Ground Pins at A Common Potential 

The recommended method for maintaining all ground 
pins at the same potential is to connect Vss, Vssl , and 
ANGND together via "taps" into a ground plane located 
within the circuit board. By this method all three ground 
regions (core, port, analog) are maintained at the same 
potential avoiding the activation of parasitic devices and 
possible latch-up. The partitioning of the chip into three 
separate ground regions minimizes the coupling of noise 
across different parts of the chip. Since each pin is at the 
same potential no current will flow through the substrate 
between two ground pins such as Vss and Vssl . 
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Figure 4. Low Impedance Grounding Schemes 
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Low Impedance Paths 

Providing a low impedance path to ground for each 
ground pin is also important for a robust grounding 
scheme. This characteristic is intrinsic to the recommend- 
ed "tap to ground plane" method. Another scheme, while 
not as effective as the "tap to ground plane" method, is to 
connect the ground pins to a common reference node as 
close to the microcontroller as possible. 

Long Trace Effects 

Avoid connecting several long traces at a common point 
across the circuit board. Long traces add impedance. 
When several circuits share a common ground wire, cur- 
rents from one circuit, flowing through the finite imped- 
ance of the common ground line, cause variations in the 
ground potential of the other circuits. Given, that the cur- 
rents in a digital system tend to be spiked, and that the 
common impedance is mainly inductive reactance, the 
variations could be bad enough to cause bit errors in high 
current or particularly noisy situations. The best strategy is 
to provide a low impedance path to ground. g 
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8XC196Kx Family 
TIJMP 



By David Boehmer 
Applications Engineer 
Intel 

Intel Applications Engineering often receives questions 
regarding the TIJMP Instruction. The following text is 
intended to clarify TIJMP instruction execution and its use 
in your code. 

First of all, a little housekeeping is in order. Errata #5 in the 
1 992 87C1 96KR Automotive data sheet lists the C-step 
device as having a problem which does not exist. Please 
disregard errata #5 in the 1992 Automotive KR data sheet. 
This error will be corrected in future revisions. Sorry for 
any inconvenience. Let's look at the TIJMP instruction code 
format and define the various operands used with the 
instruction. 

Instruction format: 

TIJMP tbase,[index],#index_mask 

tbase: A word register containing the 1 6-bit base address 
of the jump table, tbase may be located in RAM up to 
OFEh without using windowing or it can be located in 
RAM above OFFh by using windowing. The jump table 
may be placed at any non-reserved memory location on 
an even word boundary. 



index: Word register containing a 1 6-bit address that 
points to a register. The register pointed to contains a 7- 
bit value used by the TIJMP instruction to calculate the off- 
set into the jump table. 

Index may be located in RAM up to OFEh without using 
windowing or it may be located in RAM above OFFh by 
using windowing. The 1 6-bit address contained in index is 
absolute and disregards any windowing in effect at the 
time TIJMP executes. 

index_mask: An 7-bit immediate data mask for the index 
register. index_mask is ANDed with the 7-bit value point- 
ed to by index. It is then multiplied by two to determine 
the correct offset into the jump table. 

offset = [index] .and. index_mask 

destination = (2 * offset) + tbase 

Note: The multiply by two provides for word 
alignment of the jump table. This needs to be 
taken into consideration when using the TIJMP 
instruction for EPAIPV vector decoding and jump 
table initialization. 

Example Using TIJMP to Decode the 
EPAIPV Vector 

Before we take a look at the accompanying code example, 
it is important to understand the EPAIPV register opera- 
tion. When read, this register returns a value that corre- 
sponds to the highest priority, non-masked, pending indi- 
rect interrupt. This value is used by the TIJMP instruction 



EPAINTx ISR: 



OVR EPAO ISR: 



JTBASE : 



PUSHA 

LD 

LD 

TIJMP 



JTBASE_PTR, # JTBASE 
EPAIPV_PTR, #EPAIPV 
JTBASE_PTR, [EPAIPV_PTR] , #7Fh 





TIJMP JTBASE 


DONE : 


POPA 




RET 


DCW 


EPAINTx_DONE 


DCW 


0VR_TMR2_ISR 


DCW 


OVR_TMRl_ISR 


DCW 




DCW 




DCW 




DCW 


OVR_EPA0_ISR 


DCW 




DCW 





: saveINT_MASK/INT_MASKl/WSR/PSW 
: store jump table base address 
■read EPAIPV offset 
: initiate jump to correct ISR 
;EPA0 over-run routine 



: check for pending interrupts, exit 



rexit, all EPAINTx interrupts srvc'd. 

:0 (no interrupt pending) 
■1 (Timer2 overflow) 
■2 (Timerl overflow) 



: OEh 



(EPAO overflow) 
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as an offset to fetch a word from a jump table (JTBASE in 
this example) which contains start addresses of interrupt 
service routines. On KR A-step devices, the value returned 
when reading EPAIPV will range from OOh to 28h. On C- 
step devices the value returned will range from OOh to 
14h. Compared to C-step devices, A-step devices in effect 
multiply this value by two. This is covered in more detail in 
the following (Page 20) article, "8XC196KR A-1 to C-Step 
EPAIPV Design Considerations". 

Referring to the code example, assume that an OVRINT0 
indirect interrupt occurs on EPAO. This interrupt signals 
that an edge has been detected on this channel and that 
both the input buffer and EPA_TIME0 are full. Assuming 
that EPAINTx is enabled, OVR_EPA0 is enabled, and inter- 
rupts are globally enabled, the EPAINTxJSR interrupt ser- 
vice routine will be entered. 

Within EPAINTxJSR the address of the jump table base 
and the address of EPAIPV are loaded into pointers. The 
TIJMP instruction is then executed and the OVR_EPA0JSR 
interrupt service routine is entered. Note that instead of a 
RET instruction at the end of OVR_EPA0_ISR we use anoth- 
er TIJMP instruction. This is used to check for any other 
indirect interrupts that are pending. If EPAIPV contains a 
value of zero (no pending indirect interrupts) the 
EPAINTx_DONE interrupt service routine will be vectored 
to and a RET will be executed. This is to assure that EPAIPV 
is cleared before returning from the EPAINTxJSR. 

It is important to note that the accompanying code exam- 
ple is configured for KR C-Step devices where reading 
EPAIPV will return a value of OOh to 1 4h. g 
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8XC196KR 

A-1 to C-STEP EPAIPV 
Design Considerations 

By Dave Boehmer 
Applications Engineer 
Intel 

A design change that occurred between the 8XC1 96KR A-1 
and C-steps leaves a possibility of a code incompatibility 
between the two steppings. Let's have a look at the change 
that took place and what impact it will have upon applica- 
tions switching from A-1 to C-step. 

Description of EPAIPV 

The Event Processor Array Interrupt Priority Vector (EPAIPV) 
is a byte register located at 1 FA8h on the 8XC1 96KR. When 
read, this register will return a hexadecimal number in the 
range of 2h to 28h on the A-1 step (1 h to 1 4h on the C- 
step). This corresponds to the highest priority interrupt 
source currently active. The EPAIPV will contain a zero if no 
interrupt source is active. The EPAIPV is commonly used in 
conjunction with the TljMP instruction to decode the 
EPAINTX interrupt (20 possible sources). The TIJMP instruc- 
tion uses the EPAIPV as an offset into a jump table. 

A-1 vs C-STEP Operation 

On the 87C196KR A-1 step, both EPAIPV and TIJMP multi- 
ply the vector value by two, which has a net effect of a 
multiply by four. In order for the jump table to be spaced 
properly, the user must either divide the EPAIPV by two 
(shift right one bit), enter word spaces between jump 
table vectors, or interleave the tables. The C-step was 
changed to allow the user to more fully optimize code and 
memory. On the C-step, only TljMP will multiply the vec- 
tor value. This C-step change results in correct jump table 
spacing. 

CODE Compatibility Issue 

This stepping change creates a problem for A-step code 
used on C-step devices. The problem occurs when the vec- 
tor value returned by the EPAIPV is used as an offset to 
jump into the jump table. Depending upon how the user 
initially dealt with the A-step operation, there are three 
ways to implement a code change on C-step devices. Here 
are the descriptions: 

1 . If the user shifted the EPAIPV value one bit to the right 
on the A-1 step, the shift right instruction can simply 
be removed on the C-step devices. This is probably the 
easiest workaround. 

2. If the user inserted word spaces between vectors in the 



jump table on the A-1 step, condense the jump table 
to include no spaces between vectors. 

3. If the user interleaved tables on the A-1 step, the user 
must either shift the EPAIPV vector one bit to the left 
(essentially recreating the A-1 step situation) or relo- 
cate the base address of the second table to another 
location within the same code space. g 



Page 20 



n 



irrtel. 



EMBEDDED APPLICATIONS JOURNAL 



Paged Addressed 
EPROM Plus 8051 



The 8051 microcontroller provides two 64K memory 
blocks; one for program memory and one for data stor- 
age. Microcontrollers are generally used in program inten- 
sive environments which require large amounts of non- 
volatile memory. Systems requiring up to 64K of memory 
can use EPROMs with linear addressing schemes, such as 
the 2751 2. For systems that require more than the 64K lin- 
ear address space, the paged EPROM can add a new 
dimension to the 8051 's program memory. Up to four of 
these devices can be used to provide 256 kilobytes 
(2751 3) or 51 2 kilobytes (2701 1 ) of executable memory 
without intruding on the data memory's space. 

The 8051 's hardware and instruction set facilitate easy 
read access of the program memory area but do not pro- 



vide a simple means for writing to that area in order to 
change pages. The WR# output from port 3 of the 8051 
could be routed directly to the WE# input of a paged 
EPROM to allow page changes whenever a write instruc- 
tion addresses a location within a paged EPROM's memory 
partition. However, if four of these devices are used, filling 
all of the program memory space, the entire data area will 
be overlayed by the program memory area for all write 
instructions. Advantage can be taken of the output ports 
provided by the 8051 by designating a single bit of port 1, 
for example, to serve as a selector to allow the WR# output 
of the 8051 to be directed to either data memory or pro- 
gram memory. Figure 1 shows how the inclusion of simple 
logic gates can provide up to 51 2K of program memory 
and a full array of data memory. 

For more information refer to AP-284 "Using Page- 
Addressed EPROMs" in the Memory handbook. 

This article was reprinted from Appendix A of AP-284. g] 
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Figure 1. 8051 System Configuration 
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Interfacing DOS Using 
the 80C186 



Eric Auzas 

Applications Engineer 
Intel 

Why? 

Most 80C186 based designs are for control applications. 
Many of these systems could benefit from some level of 
DOS (Disk Operating System) interfacing. For example, 
writing or reading data to an MS DOS diskette for remote 
data analysis on a PC. 

Development time could also be cut down if the system 
was BIOS (Basic Input Output System) or hardware level 
compatible, allowing DOS to execute. An 80C1 86 design 
could be upgraded from a system controller to also being 
PC compatible, thus allowing access to the PC software 
market. These are just some of the reasons for adding a 
DOS interface to your 1 86 design. 

Could You Use the 186 Peripherals? 

The 80C1 86 peripherals are not compatible with the stan- 
dard IBM PC peripherals. Their registers, register loca- 
tions, interrupt vectors, and functionality differ from a 
DOS compatible PC platform. For example the 80C1 86 
timer, DMA (Direct Memory Access), and interrupt con- 
troller are not compatible with the PC XT's 8253 timer, 
8237 DMA controller, and 8259 interrupt controller 
respectively. To achieve compatibility one could add these 
devices externally or emulate these chips through software 
using 186 peripherals through software. 

What is Needed for Compatibility? 

PC applications run under DOS and DOS runs under the 
computers BIOS. The BIOS for PCs are not identical from 
brand to brand due to slight differences in the hardware 
design. Ideally, all software should make calls through the 
BIOS and not directly to the hardware. (Figure 1) This way 



Application Program 



DOS 



BIOS 



Hardware 



Figure 1. Three-layer-model 

the hardware can change and the applications will never 
know the difference. In reality, PC software bypasses DOS 
or BIOS routines and calls the hardware directly, requiring 
the hardware register locations to be fixed. Interrupt types 
are also dedicated for specific uses in the PC world. 
Therefore for 1 00% PC compatibility the hardware regis- 
ters and interrupt types must be identical to that of a PC. 

How? 

Here are three possibilities for interfacing to DOS with dif- 
ferent levels of PC compatibility. 

1 ) MS DOS file format compatibility 

In some applications where a microcomputer is used 
to control machinery, it is nice to have the ability to 
save data to a DOS disk and then analyze that data 
back on your office PC. By adding a floppy disk con- 
troller, disk drive, and software drivers, one could read 
and write to DOS disks. This interface could not exe- 
cute PC programs because there is no PC compatible 
DOS, BIOS, or hardware. It would only be useful for 
transfering data or code. (Figure 2) 
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Figure 2. Interface Allowing Access to MS DOS Files 
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Figure 3. PC Bios Interface for Well Behaved Programs. 
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Figure 4. 7 00% Compatable PC Interface 



2) BIOS compatibility 

The possibility of porting software written using PC 
software development tools is an excellent way to 
reduce development time in complex systems. This 
can be achieved by using a custom peripheral BIOS for 
the 1 86. A BIOS written to use the 80C1 86 peripherals 
would emulate the PC peripherals (timer, DMA, inter- 
rupt controller, serial communications) and could exe- 
cute 'Well Behaved' PC code. 'Well Behaved' code is 
code that does not bypass the BIOS to access hard- 
ware directly. Some available PC software could run 
with little or no code modification. (Figure 3) 

3) Hardware compatibility 

Adding a standard chipset to the 80C186EC would 
allow 100% PC compatibility. This chipset could either 



be for an 8088 or 80286 processor. The chip set would 
provide all the PC peripherals and leave the 1 86 
peripherals for control applications. Using an 8088 
chipset would be very easy to implement but limited 
to a speed of 12MHz since the 8088 never reached 
speeds higher than that. To overcome the chipset 
speed limitation a 286 chipset could be used but 
decode logic would be needed to interface the 
80C1 86 four state bus with the 286 two state bus. 
(Figure 4) 

A possibility for the 80C1 86 or 80C1 86XL is the VADEM 
chip set (VG-501 B & VG-502B) which also is PC compatible. 

More details on these DOS interfaces will be provided in 
future issues. *j 
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Expanding 80C51 SL-BG 
External Memory 

Curt Durrant 
Applications Engineer 
Intel Corporation 

Introduction 

Most standard MCS®-51 products, when executing code 
from internal memory (ROM or EPROM) will automatically 
roll over into external code memory when the program 
counter reaches the end of the internal code space. The 
80C51SL-BG, however, behaves somewhat differently. 
Although the differences are described in the 51 SL data 
sheet, It would be helpful to elaborate somewhat for those 
customers planning to design with an internal ROM code 
that may also need to execute from external memory. 

Internal vs External Code Memory 

The 80C51 SL-BG has an external address bus 1 5 bits wide 
and therefore can uniquely address 32K bytes of external 
memory. This is what will be referred to as the physical 
address space. The program counter, however is 1 6 bits 
wide and therefore has 64K bytes of unique addressable 
space. The program counter address will be referred to as 
the logical address. 

When executing from internal memory (EAL = 1) the sig- 
nal MEMCSL (used as a chip select for the external EPROM 
or code memory) is inactive for the first 32K of logical 
address space. Consequently, even though the logical 
address is the same as the physical address in this range, 
an external EPROM cannot be accessed unless the 
EPROM's chip select line is driven from some other source 
(such as grounding it). When the logical address reaches 
8000h or above, MEMCSL goes low. Note that logical 



address 8000h is equivalent to physical address OOOOh 
since internal A15 is not brought out to a package pin. 
When executing from external memory (EAL = 0), MEMC- 
SL is always active. 

External Data Memory / Flash Programming 

Accessing external data memory is the same as a standard 
MCS-51 part for the first 32K of logical address space. 
Note however, that the 1 6 bytes located at address 7FF0 
through 7FFF are not external data locations but rather are 
internal memory mapped registers for special functions. 
When accessing these registers the address will be present 
on the external bus, but the P36/WRL and P37/RDL signals 
will be disabled, preventing internal bus contention. 

The data memory space from logical address 8000h to 
FFFFh is used for special FLASH programming functions. If 
external Flash memory is used for code storage this mem- 
ory may be programmed and verified by doing data mem- 
ory accesses at logical address 8000h and above. For 
example, when executing a Flash programming algorithm 
from internal memory, the instruction: 

MOVX @DPTR, A 

where DPTR contains 8000h will cause the signal MEMCSL 
to go low (active), and the data memory write signal 
(P36/WRL) to go low. This will force a write to the Flash 
memory location OOOOh with the data in the accumulator. 
To perform a verify, issue the instruction: 

MOVX A, @DPTR 

where DPTR contains 8000h is used. The internal logic 
causes MEMCSL and PSENL to both go low, but prevents 
the data memory read signal (P37/RDL) from going low. 

Note that when programming external Flash memory it is 
possible to do a write to both Flash and external data RAM 
(if present) simultaneously. If this is not acceptable then 
care must be taken to isolate the chip selects so that they 
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Figure!. 80C51 SL-BG Memory Map 
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will not both go active during Flash programming, but 
that they will both go active when appropriate during nor- 
mal execution. 

Conclusion 

Even though external memory interfacing may seem 
somewhat unorthodox with the 80C51 SL-BC once the 
user understands the signal conditions for various address 
ranges it becomes rather straight forward. The important 
issues to remember are: 

1 . With EAL = 1, MEMCSL is inactive for logical addresses 
- 7FFFh, active for addresses 8000h to FFFFh. This is 
true for both code and data memory accesses. 

2. With EAL = 0, MEMCSL is always active. 

3. For data memory reads from logical address 8000h 
and above, P37/RDL is inactive and PSENL is active. 

m 
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MCS -96 Instruction Set Reference 

This MCS-96 instruction set reference is included as an aid to writing or debugging your code. Note that instructions are 
not available on all devices. The following instructions are invalid for the 8X9X devices: BMOV, BMOVI, CMPL, D)NZW, 
DPTS, EPTS, IDLPD, POPA, PUSHA, TIJMP, XCH, and XCHB. Invalid instructions for the 8XC196KB devices are: BMOVI, 
DPTS, EPTS, TIJMP, XCH, and XCHB. 



Hex 
Addr. 


xO 


x1 


x2 


x3 


x4 


x5 


x6 


x7 


x8 


x9 


xA 


xB 


xC 


xD 


xE 


xF 


Ox 


SKIP 


CLR 


NOT 


NEG 


XCH 
di 


DEC 


EXT 


INC 


SHR 


SHL 


SHRA 


XCH 

ix 


SHRL 


SHLL 


SHRAL 


NORML 


1x 




CLRB 


NOTB 


NEGB 


XCHB 
di 


DECB 


EXTB 


INCB 


SHRB 


SHLB 


SHRAB 


XCHB 

ix 










2x 




SJMP 


SCALL 


3x 


Jl 

bitO | bit 1 | bit 2 | bit 3 


3C 

bit 4 | bit 5 | bit 6 | bit 7 


bitO 


bit 1 


J! 

bit 2 | bit 3 


3S 

bit 4 | bit 5 


bit 6 | bit 7 


4x 


AND 3op 

di im in ix 


ADD 3op 

di im in ix 


SUB 3op 
di im in ix 


MULU 3op * 

di im in ix 


5x 


ANDB 3op 

di im in ix 


ADDB 3op 
di im in ix 


SUBB 3op 
di im in ix 


MULUB 3op * 

di [ im | in | ix 


6x 


AND 2op 

di im in ix 


ADD 2op 
di im in ix 


SUB 2op 
di im in ix 


MULU 2op * 
di im in ix 


7x 


ANDB 2op 

di im in ix 


ADDB 2op 

di im in ix 


SUBB 2op 

di im in ix 


MULUB 2op * 

di im in ix 


8x 


OR 

di im in ix 


XOR 

di im in ix 


CMP 

di im in ix 


DIVU " 

di im in ix 


9x 


ORB 

di im in ix 


XORB 

di im in ix 


CMPB 

di im in ix 


DIVUB* 
di im in ix 


Ax 


LD 

di im in ix 


ADDC 

di im in ix 


SUBC 

di im in ix 


LDBZE 

di | te in ix 


Bx 


di 


LC 

im 


B 

in ix 


di 


AD 

im 


3CB 

in ix 


di 


SUBCB 
im in ix 


di 


LD| 

im 


BSE 

in ix 


Cx 


ST 
di 


BMOV 


S 

in 


r 

ix 


STB 
di 


CMPL 


S" 

in 


rB 

ix 


di 


PL 

im 


SH 

in 


ix 


POP 

di 


BMOVI 


P( 

in 


3P 

ix 


Dx 


JNST 


JNH 


JGT 


JNC 


JNVT 


JNV 


JGE 


JNE 


JST 


JH 


JLE 


JC 


JVT 


JV 


JLT 


JE 


Ex 


DJNZ 


DJNZW 


TIJMP 


BR 

in 








LJMP 










DPTS 


EPTS 


Reser- 
ved 


LCALL 


Fx 


RET 




PUSHF 


POPF 


PUSHA 


POPA 


IDLPD 


TRAP 


CLRC 


SETC 


DI 


El 


CLRVT 


NOP 


signed 
multiply 
/divide* 


RST 



Note: not all instructions are implemented on all products. Consult User's Manuals. 

* Signed multiplication and division are two-byte instructions. The first byte is "FE," and the second is the opcode of the corre- 
sponding unsigned instruction. For example, the opcode for MULU (3 operands) direct is "4C," so the opcode for MUL (3 
operands) direct is "FE 4C." 

im= immediate, di = direct, in = indirect, ix = indexed 
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Errata - Change Identifiers 

How can a user tell what errata has been changed on an Embedded Control part? Change identifiers are the key. 
Change identifiers have been used on embedded products since 1 990. The change identifier is the last character 
in the FPO number. The FPO number is typically a nine character number located on the second line of the top 
side package mark. Below is a list of errata, change identifiers and design considerations for embedded control 
products. Older devices do not have change identifiers. Devices that do not have change identifiers will have N/A 
in the change identifier field on this list. 



MCS®-96 Family Errata 



8X9XBH 

The following errata covers just the last two most recent 
revisions of the 8X9XBH. Revisions are referred to as step- 
pings. The last two steppings are the E-step and D-step. 
They are identified by an "E" or "D" respectively in the last 
character (change indicator) of the FPO number. The FPO 
number is the second line on the top side of the device. 
An example FPO number is: L1234567D. The "D" would 
indicate D-step. For a complete list of errata for all step- 
pings call FaxBACK. 

D-Step, Change Indicator (D) 
Errata: 

1) Indexed 3-operand multiply 

2) HSI FIFO 

3) Reserved location 201 9H 

4) RESET and the QBD pins 

5) Software RESET timing 

6) Using T2CLK for TIMER 2 

E-Step, Change Indicator (E) 

All D-step Errata not listed here was fixed in the E-Step 
device. 

Errata: 

1) Indexed 3-operand multiply 

2) HSI Resolution 

3) Reserved location 201 9H 

4) Reserved location 201 CH 

8XC196KB 

The following errata covers just the last two most recent 
revisions of the 8XC196KB. Revisions are referred to as 
steppings. The last two steppings are the B and C step. 
They are identified by an "D" and "E" respectively in the 
last character (change indicator) of the FPO number. The 
FPO number is the second line on the top side of the 
device. An example FPO number is: L1234567D. The "D" 
would indicate B-step. For a complete list of errata for all 
steppings call FaxBACK. 



B-Step, Change Indicator (D) 
Errata: 

1 ) Divide during HOLD or READY 

2) HSI 8/9 state 

C-Step, Change Indicator (E) 
Errata: 

1) HSI 8/9 State 

8XC196KC 

The following is a list of 8XC196KC errata and design con- 
siderations for all steppings of the device. Each entry is 
preceeded by a reference number. A complete explanation 
of these errata is available on FaxBACK, #21 36. 

A-step, Change Identifier (A) or 
No Change Identifier 
Eratta: 

1 01 A/D Convert Error 

1 05 BMOVI Instruction 

1 09 Divide Error During Hold 

1 1 5 HSO IOC1 Bits Interchanged 

1 26 PortO Latched on Wrong Phase 

131 PTS Req During INT Latency 

1 32 NMI During PTS Latency 
140SIO Mode 
143TIJMP INDEX_MASK Value 
1 50 Serial Port Framing Error 
163 QBD Glitch During Powerup 
1 73 A/D Linearity Too Large 

1 74 Analog Input Latch-up 

1 75 INST Weak During CCB Fetch 

1 76 2 CCB Fetches 

1 77 3 Waitstates During CCB 

1 78 Pullups Too Weak During Reset 

1 79 Buswidth Always 1 6-Bits 

180VCC Glitch Resets Device 

1 81 Incomplete Reset At >1 2MHz 

215 Oscillator Startup 

216 Reset Hysteresis 



Q1, 1992 



Page 27 



intel. 



EMBEDDED APPLICATIONS JOURNAL 



Design considerations: 

1 1 6 Indirect Shift Count Value 
147 Write Cycle During Reset 

B-1 step, Change Identifier (B) 

All A-Step errata not listed here was fixed in the (B-1) Step 
device. 

Eratta: 

1 09 Divide Error During Hold 
123 NMI during PTS Skips Address 
163QBD Glitch During Powerup 

21 4 ONCE Mode Entry 

21 5 Oscillator Startup 

21 6 Reset Hysteresis 

Design Considerations: 

1 1 6 Indirect Shift Count Value 
147 Write Cycle During Reset 

B-3 step, Change Identifier (D) or (E) 

All (B-1) Step eratta not listed here was fixed in the (B-3) 
Stepdevice. 

Eratta: 

1 09 Divide Error During Hold 
123 NMI during PTS Skips Address 
163QBD Glitch During Powerup 
21 6 Reset Hysteresis 

Design Considerations: 

1 1 6 Indirect Shift Count Value 
147 Write Cycle During Reset 

8XC196KR 

Change Identifiers have been used on embedded products 
for the last two years. Change Identifiers are the last char- 
acter in the FPO number. The FPO number is typically the 
9 character number on the second line of the marking on 
top of the package. 

A-Step, Change Identifier ( A) 
Errata: 

1) Slave Programming Mode 

2) EPA_MASK1 /EPA_PEND1 written as words 

3) BMOVI count register must reside in RAM < 1 28 

4) TIJMP address holding register must be < 1 28 

5) PTS interrupt during normal interrupt latency 

6) Serial Port framing error bit does not work when 
MSB = 1 

7) Remap function of EPA2 and EPA3 does not func- 
tion correctly 

8) A/D restart while conversion is active 

9) PTS and NMI cannot be simultaneously active 



10) Px_REG cleared when Px_MODE written on P2.7 
& P6.4 - P6.7 

11) Divide Error during HOLD/READY 

12) SIO Mode with BAUD contents > 8006H 
1 3) EPAIPV value is multiplied by 2 

14) Internal RAM during Powerdown 

15) Oscillator sensitivity 

Design Considerations: 

1 ) EPA timer counters must decrement/increment to 
match value 

2) P6.4 - P6.7 must not be modified while 
P6_MODE.x = 1 

3) CLKOUT does not function as open-drain 

4) EPA Timer write should not conflict with Timer 
reset 

5) Device reset should not occur during an external 
memory write 

6) Indirect shifts should not be greater than 32 

B-Step, Change Identifier (C) 
Errata: 

1) loH2 = " 6 l iA 
Design Considerations: 

1 ) EPA timer counters must decrement/increment to 
match value 

2) P6.4 - P6.7 must not be modified while 
P6_MODE.x = 1 

3) CLKOUT does not function as open-drain 

4) EPA Timer write should not conflict with Timer 
reset 

5) Device reset should not occur during an external 
memory write 

6) Indirect shifts should not be greater than 32 
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80C186 

The 80C1 86 is currently on the B-stepping. The A and B 
step products have identical errata. 

Errata: 

1 ) Non-contiguous Interrupt Acknowledge cycles 

2) ERROR# processing during FWAIT instructions 

3) Input high voltage requirement on SRDY and 
ARDY pins 

4) Interrupt Status Register (DHLT and Timer 
Interrupts) 

5) Bus Preemption Bug (HOLD/HOLDA protocol) 

6) 80C1 88 RFSH# pin output timing 

80C186EA / 80L186EA 

A-Step, Change Identifier (A) or ( ) 

1) Low hysteresis on RESIN# pin 

2) TEST/BUSY#, RD#/QSMD#, LCS#, and UCS# 
input low voltage 

3) INT1/INTA1 in Cascade Mode 

B-Step, Change Identifier (B) 

1) INT1/INTA1 in Cascade Mode 

80C186EB / 80L186EB 

A-Step, Change Identifier (A) or ( ) 

1 ) Entry into ONCE Mode 

2) Low hysteresis on RESIN# pin 

3) SINT1 input not latched internally 

4) Ready input during INTA# bus cycles 

5) CLKOUT transitions on the rising edge on CLKIN 
instead of the falling edge 

6) I/O Ports 1 and 2 initialize to Port instead of 
Peripheral function (documentation error) 

7) INT1/INTA1 in Cascade Mode 

B-Step, Change Identifier (B) or (C) 

1) INT1/INTA1 in Cascade Mode 

80C186EC 

A-Step, Change Identifier (A) or ( ) 

1 ) Early exit from Reset (w/ high Vcc and/or low 
temperature) 

2) Powersave Mode initialization at Reset 



B-Step, Change Identifier (b) 

1 ) No Known Errata 

80C186XL 

A-Step, Change Identifier (A) or ( ) 
Errata: 

1 ) Low Hysteresis on RESIN# pin 

2) TEST/BUSY#, RD#/QSMD#, LCS#, and UCS# 
input low voltage 

3) INT1/INTA1 in Cascade Mode 

B-Step, Change Identifier (B) 
Errata: 

1 ) INT1 /INTA1 in Cascade Mode 
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